Background: Long-term outcomes of laparoscopic gastric banding (LGB) related to depression and predictors of changes in depression are still unclear. Our goal was to investigate signs of depression after LGB.
Introduction
Overweight and obesity have become a serious worldwide problem in public health; over one billion adults around the world are overweight, and at least 300 million of them suffer from obesity. The prevalence of obesity is increasing to an extent that the World Health Organization has described it as an epidemic affecting most developed and developing countries [1] . As the prevalence of obesity increases, bariatric procedures have been shown to be more effective in the management of morbid obesity compared to medical treatments in terms of weight loss and its sustainability [2] . Laparoscopic gastric banding procedure (LGB) has gained popularity as the least invasive form of surgical treatment for morbid obesity.
Obesity has a major impact on the physical, mental, psychosocial, and economic health of the patients, but the nature of the relationship between obesity and depression, or between weight loss and depression remains unclear. Nineteen to 28% of patients who sought bariatric surgery had a lifetime history of major depressive disorder [3] . Results concerning improvement in depression and quality of life after significant weight loss following bariatric surgery are inconsistent and not all studies found an overall positive outcome in depression: some studies reported an improvement [4] [5] [6] [7] ; however, some reported a return to preoperative status [8] or even an increase of depression after gastroplasty [9] . Most studies included followup of 12 to 36 months [3, 8] , which may be considered too short for obtaining definitive results. Nonetheless, long-term outcome studies with follow up of more than 5 years investigating changes in depression are rare [4] .
The aims of our study were to assess and evaluate changes in symptoms of depression and self-acceptance 1-11 years after surgery; to determine predictive variables (e.g., preoperative weight and weight loss, %EWL) for changes in symptoms of depression; and to compare gender influences on surgical success and symptoms of depression.
Patients and Methods
This research was approved by the Helsinki Committee of Soroka University Medical Center. In a cross-sectional study, the data of patients who underwent LGB at the Department of Surgery "A", Soroka University Medical Center, Beer-Sheva, Israel, between January 1997 and December 2008, was collected from the hospital computerized database. All patients were older than 18 years on the day of surgery and completed at least one-year follow up after the LGB.
We performed a telephone interview during which the following data was gathered: weight and body mass index (BMI) on the day of the interview, quality of life measures (surgery satisfaction, frequency of vomiting, self-acceptance before and after the surgery using a scale of 1to 10), frequency of port inflations, redo surgery, previous bariatric procedures, and Patient Health Questionnaire 9 (PHQ-9) score. Preoperative demographic data, BMI, and comorbidities were collected from the medical charts. PHQ-9 score was used as a measure of the severity of depression. It is a 9-item self-reported questionnaire designed to evaluate the presence of depressive symptoms (during the previous 2 weeks), and was found to be reliable when administered by phone [10] . Each of the 9 items, asking about each of the Diagnostic and Statistical Manuals of Mental Disorders, Fourth Edition (DSM-IV) diagnostic criteria, can be scored from 0 (not at all) to 3 (nearly every day). As a severity measure, scores can range from 0 (absence of depressive symptoms) to 27 (severe depressive symptoms).
As a measure of weight loss we used percent excess weight loss (%EWL). The values of ideal body weight (IBW (kg)=50kg for men and 45kg for women+2.3kg per inch above 5 feet), and excess body weight (EBW (kg)=weight-IBW) were used to calculate %EWL= (weight on the day of interview-IBW)/EBW ×100 [3] .
In order to study the influence of time since the operation on depression symptoms, we divided our patients into 4 groupsdepending time since the surgery: group A 1 to 3 years, group B 4 to 6 years, group C 7 to 9 years, and group D at least 10 years. During the study period 3230 patients underwent LGB in our service: 147 from 1996 to 1998, 726 from 1999 to 2001, 1026 from 2002 to 2004, and 1331 from 2005 to 2008. In order to evaluate the number of patients needed to be investigated we used a sample size computer program (WINPEPI) under the following assumptions: The ratio between the study groups was assumed to be 1:1, α=0.05, β=0.8; the standard deviation in each group was believed to be 5; and the minimal difference to be detected was 3. These assumptions were taken from a prior validation of the PHQ-9 [11]. Under these assumptions each group needed at least 45 patients in each group, or at least 180 patients in all groups.
Statistical Analysis
The case information was coded and stored in a Microsoft Office Excel file and transferred to the SPSS 17.0 program. The data was first analyzed using descriptive statistics (using the appropriate central and distribution indices).
Comparison between groups was performed using the Pearson chi square test for nominal variables, and Fisher's exact test for dichotomous variables (when applicable).
Comparison of quantitative variables was done with the parametric t-test when appropriate; for a-parametric tests, we used the Mann-Whitney test. Correlations were measured with Pearson's correlation for parametric variables and Spearman's correlation for a-parametric variables. Statistical significance was considered when p value was <0.05.
Results

Between January 1997 and December 2008 approximately 3,000
LGB procedures were performed. At follow up, overall 203 patients (75 men and 128 women) responded to the phone interview and were included in our research. The patients' mean age at the time of surgery was 37.9±10.7 years. Patient characteristics are shown in Table 1 . One hundred four patients (51.2%) had comorbidities with prevalence of hypertension (17.2%), diabetes (13.8%), hypercholesterolemia (10.8%), and obstructive sleep apnea (7.4%). Of these, 58(55.8%) suffered from more than one additional disease. Only 0.5% of patients had a history of psychiatric disorders.
Sixty-one of 203 patients (30%) required redo surgery, 15 (7.4%) had a second operation, and 3 (1.5%) a third. The most frequent reason for the redo operation was band slippage (20.2%). Other causes for repeated surgery included band replacement (4.9%), reposition of port (2.5%), and band erosion (1%). PHQ-9 scores and quality of life scores are presented in Table  2 . Lower PHQ-9 score correlated well with higher self-esteem after surgery (p<0.01, r=-0.374), and the average PHQ-9 score was significantly lower among patients who were satisfied with the procedure (4.1 vs. 8.1, p=0.01 ).
%EWL significantly correlated with both PHQ-9 score and patient's self-acceptance-higher %EWL correlated with lower PHQ-9 score (p=0.001, r=-0.223), higher self-esteem after surgery (p=0.001, r=0.244), and lower self-esteem before surgery (p=0.008, r=-0.203). However, age, time since the operation, number of redo operations, frequency of vomiting, and number of port inflations did not predict significant changes in PHQ-9 score.
Clinical and demographic characteristics of men and women are shown in Table 3 . The two groups were similar regarding preand post-operative BMI, %EWL, number of redo surgeries, and comorbidities. Women had a significantly higher PHQ-9 score than men (5.3 vs. 3.4, p=0.01), and had significantly lower self-esteem before surgery (4.4 vs. 5.4, p=0.03), although the average self-esteem after surgery was similar between the genders.
Comparing the four subgroups of patients according to time since the operation, we did not find a difference in terms of preoperative BMI, gender, age, and comorbidities. The need for redo surgery and number of redo procedures, however, significantly increased throughout the years; most patients in group D underwent at least one reoperation (79.6%), and only in this group 3 (4.9%) patients required a third operation. %EWL is also was significantly higher with years from primary LGB. There was no statistically significant difference between groups regarding PHQ-9 score; however, there was a tendency for a decrease in score through the years (Figure 1 ).
Discussion
Our study focused on investigating symptoms of depression in obese patients after LGB procedure, and on finding predictors to post-surgical depression during long-term follow-up.
We found that success in weight loss (%EWL) had the greatest impact on both symptoms of depression and self-acceptance; success in weight loss correlated with lower risk for developing symptoms of depression, higher self-esteem after surgery, and greater satisfaction from the procedure. The relationship between weight loss and symptoms of depression is controversial in different studies. While Dixon et al. used the BDI (Beck Depression Inventory) questionnaire to evaluate pre-and post-surgical depression, and found that subjects losing more weight had greater falls in their BDI scores one year after surgery [5] Table 2 : PHQ-9 scores and quality of life measures.
a Frequency of vomiting: 0 -no vomiting; 1 -vomits every day; 2 -vomits once a week; 3 -vomits once a month; 4 -rarely vomits. b Port inflations from surgery until interview day: 0 -up to 5; 1 -5-10; 2 -10-20; 3 -more than 20.
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months after surgery, but a return of the mental health indices to the preoperative status 2 years later [8] . In addition, Ryden et al. even noticed worsening in depressive reactions18 months after surgery [9] . A possible explanation for the contradiction lies in the fact that most studies have a relatively short follow-up period, and that different methods are used to evaluate depression and quality of life. However, our follow-up period was longer than that of most studies, and the fact that %EWL increases significantly through the years while depression symptoms tend to decrease may strengthen this finding.
We also found that patients with a higher degree of depression symptoms had lower self-esteem after surgery, and were less satisfied with the procedure; but no correlation was found between depression symptoms and frequency of vomiting, number of re-operations, co morbidities, and age. This finding led us to the thought that success at losing weight is the key for improving the emotional status of patients, and that this success manages to overcome other factors that might have caused significant discomfort such as surgery complications. It is difficult to decide what is primary and what is secondary; do low self-esteem and depression after surgery impair the ability to lose weight or is it the other way around?
Lower self-esteem before surgery was correlated with higher degree of weight loss. Averbukh et al. also demonstrated a positive correlation between severity of depression before surgery (measured by BDI score) and weight loss [3] . This finding leads us to the thought that poorer psychological status before surgery may have a contributing role in weight loss, and stresses the need for more prospective studies examining the relationship between psychosocial status before surgery and success at weight loss.
Gender was also correlated with symptoms of depression and self-esteem; bariatric surgeries are more prevalent in women than in men, about 70% of patients undergoing bariatric surgeries are women. We found that although gender had no influence on the ability to lose weight, the amount of surgical complications after surgery, or satisfaction from the procedure, women tend to experience more depression symptoms than men. We also found that although men and women reached the same higher average selfesteem after surgery, women had a lower average self-esteem before the surgery, and therefore improved their self-esteem more than men. Dixon et al. found that women, especially of younger age with a poorer preoperative appearance evaluation, had greater falls in BDI score (between pre-and post-surgical scores) [5] . These findings raise the hypothesis that obesity creates a greater emotional burden on women, which is why surgical success has a greater emotional impact on women. Moreover, although we found that success in weight loss correlated with lower risk for developing symptoms of depression, women show a greater tendency for depression symptoms although they succeed in losing weight just like men, and that raises the hypothesis that among women the influence of other variables on weight loss is masked.
There are some limitations of the study. First, the limited number of patients participating in the study was low for multiple regression analysis. Second, no pre-surgical PHQ-9 forms were completed, so no conclusions could be made about the changes in depression symptoms for each patient individually. Further research is needed. 
